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(54) Method for the evaluation of information stored in bar codes 

(57) A method for the evaluation of information 
stored in bar codes composed of characters is pro- 
posed, in which the bar code is exposed to light by 
means of a light source and the light reflected from the 
bar code is detected by means of a light receiving 
device during a relative movement between the bar 
code and the light receiving device in a scanning opera- 
tion. The method is distinguished by the fact that the 
acceleration (a) of the relative movement during the 
scanning operation is assumed to be constant and can 
assume different values. 
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Description 



The invention relates to a method for the evaluation 
of information stored in bar codes composed of charac- 
ters in accordance with the preamble of Claim 1 . 5 

The method relates, on the one hand, to the use of 
manually guided light receiving devices, which are also 
referred to as bar code readers, can be designed as so- 
called pen readers and are manually guided over the 
bar code to be read. The pen reader emits light, in par- 10 
ticular laser light, which is reflected from the bar code. 
The reflected light is detected by the pen reader and 
processed in an evaluation unit. 

The method relates, on the other hand, to a station- 
ary bar code reader (slot reader) past which the bar 15 
codes or the objects provided with the bar code are 
manually moved. In the case of a bar code reader of this 
type, the bar codes are irradiated from a stationary light 
source, in particular a laser light source. The light 
reflected from the bar code is detected by a stationary 20 
receiving device and processed by a processing unit. 

In principle, the method relates to all evaluation 
methods in which a non-uniform relative movement is 
carried out between a light receiving device and a bar 
code from which light emitted by a light source is 25 
reflected. 

The following definitions are used for the descrip- 
tion: 

A bar code is realized or applied to an object in 30 

accordance with a specific symbol standard (2/5, 

CODE39, EAN, CODE128, etc.). 

A symbol, or bar code, is composed of a series of 

characters. 

Each character consists of a predetermined 35 
number of dark bars with interspaces lying between 
them. The bars and spacings are also referred to as 
"elements". Within the characters, the successive 
bars and spacings can have different widths. This 
combination is unique to the symbols. These char- 40 
acters can be used, for example, to represent num- 
bers, letters or else check characters. 
The grid dimension and the nominal width of the 
smallest element of which a character can be com- 
posed are measured transversely with respect to 45 
the extent of the bars and spacings. 
The nominal width of a character is a defined con- 
stant for each symbol and is expressed as a multi- 
ple or the grid dimension. 

The method by which the data which depend on the so 
width of each individual element are obtained is 
referred to as the scanning operation. The scanning 
operation can be carried out manually or by means 
of an automatic mechanism. It converts the width of 
each element into the time which is required for 55 
scanning a character. This time corresponds to the 
width measured by the bar code reader. 

It is essential that, at the end of the acquisition of 



information contained in a bar code, the size of each 
individual element of which the code is composed is 
acquired. The analysis and processing of the data, 
which results in a conversion of the dimensions of the 
different elements into a sequence of ASCII characters, 
are referred to as decoding. 

The quality of the decoding method is defined by 
the probability of obtaining a correct result. 

It has emerged that the relative movement between 
the light receiving device and the bar code to be 
acquired is particularly non-uniform when the scanning 
operation is carried out manually. There is normally an 
acceleration at the start of the scanning operation and a 
deceleration at the end. This leads to distortion of the 
information which is read. 

In a known method of this type for the evaluation of 
information, it is assumed that the scanning velocity 
during the scanning of an individual character is con- 
stant. In any case the scanning reliability based on this 
hypothesis is not adequate. This is due to levels of dis- 
tortion caused by the non-uniform velocity during the 
scanning process. 

Therefore, the object of the invention is to provide a 
method for the evaluation of information stored in bar 
codes composed of characters which has a very high 
scanning accuracy, even if the scanning velocity is not 
uniform. 

This object is achieved, in a method of the type 
mentioned in the introduction, with the aid of the fea- 
tures listed in Claim 1 . A significant reduction of the lev- 
els of distortion occurring during the acquisition of the 
information can be achieved, thus producing a high 
scanning accuracy, by the fact that the acceleration of 
the relative movement during the scanning of a charac- 
ter of the bar code is assumed to be constant in a scan- 
ning operation. 

An embodiment of the method in which a specific 
average velocity is assumed during the scanning opera- 
tion of each individual character is particularly pre- 
ferred. 

Furthermore, an embodiment of the method is pre- 
ferred in which the constant acceleration and the aver- 
age velocity for each character are determined from the 
times which are required for the scanning of the charac- 
ters, in particular successive characters, and from the 
nominal width of the characters. 

In addition, a method is preferred in which the val- 
ues of the acceleration and of the average velocity are 
used to calculate a compensation factor which allows 
optimum compensation of the levels of distortion due to 
a non-uniform scanning velocity. 

Finally, a method is particularly preferred in which 
the characters which form the bar code are scanned 
and the results of this scanning can be stored and proc- 
essed later. 

Further refinements of the method emerge from the 
subclaims. 

The invention is described in more detail below. 
When a bar code is evaluated, the characters are 
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successively evaluated, the content of a character or 
the information contained in this character being 
acquired in each case. 

The following description of the method for the eval- 
uation of information which is present in the form of bar 
codes composed of characters and is acquired, for 
example, by means of a manually guided bar code 
reader proceeds from known methods on the basis of 
which the light-dark change which is detected by the bar 
code reader is evaluated over time and the content of 
the information of the bar code is determined therefrom. 
The evaluation or analysis method of the type men- 
tioned here is fundamentally known, so a more detailed 
discussion of it will not be given here. 

The method according to the invention is distin- 
guished by the fact that at least two characters are suc- 
cessively scanned for the evaluation of information. In 
this case - as usual - the light reflected from the charac- 
ters and the length of the individual characters are 
detected. At the same time, the time tc required for the 
acquisition of the first character and the time t n required 
for the acquisition of the directly succeeding character 
are acquired. Since the bar code reader, which is 
designed as a pen, is guided manually over the charac- 
ters of the bar code to be scanned, the scanning time is 
different from one case to the next. In the evaluation of 
information which is stored in the first character, it is 
assumed that the manually guided bar code reader 
experiences a constant acceleration a while the first 
character is being scanned. 

The nominal width m is specified here in a grid 
dimension, namely in a so-called modular dimension. 
The width of the narrowest bar or of the narrowest inter- 
space is specified by the modular dimension, the width 
being measured transversely to the extent of the bars 
and interspaces of the character. It is assumed here in 
the process that the character - as usual - consists of a 
series of, for example, black bars, which are separated 
from one another by differently coloured, for example 
white, interspaces. 

For the purpose of evaluating the data acquired by 
the pen reader, the value of the constant acceleration a 
and of the average velocity v m are calculated from the 
scanning times tc and t n of these characters as well as 
from the width m. 

Equation (1) for the calculation of the constant 
acceleration a is specified below: 



a = (m/t n -m/t c )/(t n /2 + t c /2) 



0)- 



It is assumed that at the instant t = 0 the reading 
device is positioned precisely at the centre point of the 
character. The relative movement can then be 
expressed by the following equation: 



The following equation is obtained by transforming 
equation (1): 

a = 2 • m « (t c -t n )/t n -t c -(t n + t c ) (2). 

The following equation is used for the calculation of 
the average velocity v m : 



20 



x(t) = 1/2 • a • t z +v m • t 



(3b) 



The following equations yield a compensation fac- 
tor (F), which enables the distortion which is due to the 

10 non-uniform scanning movement to be compensated for 
in the case of each individual element which forms a 
character. This compensation factor depends on the 
distance between the centre of the element and the 
centre of the character t, but neither on the width A t of 

75 the same element nor on the nominal width m of the 
character. The compensation factor can therefore be 
expressed by the following equation: 



F(t) = (x(t+Aty2)-x(t-Aty2))/(x(At^)-x(-At^)) (4) 



F(t) = 1 +a • t/v r 



(5) 



Vm = m/t c 



(3a). 



F(t) = 1+2 • t • (t c -t n )/t n • (t n +t c ) (6) 

25 This compensation factor is calculated anew for 
each element and is multiplied by the measured width, 
so that the width of each individual element can be 
obtained without a distortion. 

The abovementioned calculations are repeated 

30 anew for each pair of characters. In this way, the differ- 
ent velocities produced by the hand of an operator can 
be optimally compensated for. This gives optimum 
scanning results during the acquisition of information 
contained in characters and bar codes. 

35 For the purpose of evaluating the information con- 
tained in a first character, it is necessary to use the time 
for the scanning operation of the first and of the second 
character, the time required for the scanning of the first 
character being designated by tc and the time required 

40 for the scanning of the second, directly succeeding 
character being designated by t n . 

If the information of the second character is now 
evaluated, then the time required for the scanning of the 
second character is designated by ^ and the scanning 

45 time required for the scanning of the following, third 
character is designated by t n . The values tc and t„ for 
the second and third characters are now used in equa- 
tions (1) and (6), in order to acquire the content or the 
information of the second character. 

so If the content of the third character is now to be 
determined, then the scanning time ^ for the third char- 
acter and the scanning time t n for the following, fourth 
character are used. 

It is evident that, as the evaluation of the infbrma- 

55 tion progresses, the value of t n in the preceding calcula- 
tions is used in each case as the new value ^ for the 
following calculation. 

From the description of the scanning method, it 
becomes clear that when the information stored in the 
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last character of a bar code is acquired, the acceleration 
a cannot be calculated using the formulae given here, 
since there is no longer a following, further character. In 
this case, the acceleration which was calculated last 
can be used for carrying out the evaluation method to an 
approximation. 

An embodiment of the method in which an operator 
scans bar codes with a pen reader is particularly pre- 
ferred. The data which are contained in a bar code and 
are produced with the aid of the reflected light are 
recorded and stored in a memory together with the 
scanning time which is assigned to this character. 
These items of information can then subsequently be 
processed, the acceleration a being determined from 
equation (2) and the average velocity v m being deter- 
mined from equation (3a) for every two characters in 
each case. 

The fact that for each character to be scanned the 
acceleration a, which is assumed to be constant, is cal- 
culated from equation (1), the average velocity v m , 
which is assumed for the scanning, is calculated from 
equation (3a) and the compensation factor for each ele- 
ment is calculated from equation (6) means that a very 
high degree of freedom from distortion, and hence a 
very high reading accuracy, is achieved in the evaluation 
of the information stored in the bar code. 

The overall impression given by what has been 
stated above is that the method described here can 
always be employed when there is a non-uniform rela- 
tive movement between a light receiving device, which 
is also referred to as a reading device, and a bar code to 
be scanned. As stated, this relative movement is pro- 
duced not only when a pen reader is guided over a bar 
code to be scanned, but also when an object provided 
with a bar code, for example a pass, is guided manually 
through a stationary reading system, for instance a 
supervisory system for entrances and exits. It is also 
conceivable to use automatic analysis stations for this 
method, in which the scanning operation of the code is 
carried out with the aid of mechanically moved parts, for 
example with the aid of rotating or oscillating mirrors, 
the velocity of the scanning operation not being con- 
stant. 

Claims 

1. Method for the evaluation of information stored in 
bar codes composed of characters, in which the bar 
code is exposed to light by means of a light source 
and the light reflected from the bar code is detected 
by means of a light receiving device during a rela- 
tive movement between the bar code and the light 
receiving device in a scanning operation, character- 
ized in that the acceleration (a) of the relative move- 
ment during the scanning of each character of the 
bar code is assumed to be constant and can 
assume different values. 

2. Method according to Claim 1 , characterized in that 



the time (tj for the scanning of a first character of 
the bar code and the time (y for the scanning of a 
following character of the bar code are acquired. 

5 3. Method according to either of Claims 1 and 2, char- 
acterized in that the nominal width (m) of a charac- 
ter of the bar code is determined in a grid 
dimension. 

w 4. Method according to one of the preceding claims, 
characterized in that the average velocity (vm) and 
the acceleration (a) during a scanning operation of 
a character are estimated on the basis of the times 
of the scanning operation (tc, tn) and of the width 

is (m) of the character. 

5. Method according to one of the preceding claims, 
characterized in that the calculations are repeated 
for each character which contains coding. 

20 

6. Method according to one of the preceding claims, 
characterized in that, for each element which forms 
a character, the values of the average velocity (vm) 
and the acceleration (a) are used to calculate a 

25 compensation factor (F) which permits optimum 
compensation, for each element, of the distortion 
due to the non-uniformity of the relative movement 
produced during the scanning of the code. 

30 7. Method according to one of the preceding claims, 
characterized in that the compensation factor (F) is 
used only when the distortion due to the non-uni- 
formity of the relative movement during the scan- 
ning is at such a high level that the scanning 
35 method cannot be carried out without compensa- 
tion. 

8. Method according to one of the preceding claims, 
characterized in that a bar code is scanned, and in 

40 that the scanning results and the time required for 
the scanning of each character are stored, and in 
that the data are processed at a later point in time. 

9. Method according to one of the preceding claims, 
45 characterized in that the light receiving device is 

designed as a - preferably manually movable - pen 
reader. 

10. Method according to one of the preceding claims, 
so characterized in that the light receiving device is 

arranged such that it is stationary, and in that the 
bar code is guided - preferably manually - past the 
said device. 

55 11. Method according to one of the preceding claims, 
characterized in that the bar code is scanned with 
the aid of moved mechanical parts, which effect a 
non-uniform scanning velocity. 
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